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(57)Abstract: 

PURPOSE: To obtain the ohmic contact which is stable 
and has a low resistance in a base contact region, while 
the decrease of reverse breakdown voltage between an 
emitter and a base and the decrease of current 
amplification factor are prevented. 

CONSTITUTION: A P++ type base contact layer 8 which 
has impurity density higher than that of a P+ type base 
layer 5 and diffusion depth shallower than that of an N+ 
type emitter layer 7 is formed in a region which is 
spaced by a specified distance from the N+ type emitter 
layer 7 on the main surface of a P+ type base layer 5. 
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+ fflx^y^Jl 7 a)«ffii*«»ui-r*ct testes. z<d 

hH8(Dl£»^$S:n+ SXSy^l 7«K 
$J:0t)a<MLTp a n > ^ ^7 h H 8 coffiij 

m <d m & 0 £ /jn a < r s <d ifi-4t m S o 

[0 0 4 1 ] 05 12, 014, EI 1 6 # «fc H 1 
itm 1 2 lC*LfcX8l;:;feW-SX3 -X3 M\Zfer>fz^ 50 
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T&So i5-i 1 7 *#BgLT, fr\Z*9Zffim<D¥m 

[0 0 4 2] ST, ^15 iC^Tct^d. p+Sv'J3> 
St£l *Cn+ ^ffi£ffi«fc/l2£^tfc-rSo fit, p 

♦ mzs ] ) ^>m&i <Dmm±<D±mizn- sxw+-> 

t;H3^Mt^. n-fixW + yt;H3 0BrS 
So f IT, n- S!xt:^4 : ->^;H13±lC«aK{bK 

9&*jat-rs. 

[0 0 4 3] $:iz. me iZ^-?<£olZ* n-SXW* 
>-WHf 3 ©*«ffi±©Bfft««tl6li»{tBI 9 L 
Tpffl<D5F««*-f*>ftAt6tt:i:*«^T»A-r*. 
^<0WAUfc^|ifi»*»tt{t-rs^tlCct-3T, 5X1 
Oi8cm-3g^(D^F*iE%12Sgt 0. 7 — 1. 2umgg 

[oo4 4)*c, mnzi*;T£?\z. mmmtm9<o 

tLTl»iftl9««*ttX7f>ytS. znirj: 
0, 3>^^h^9a, 9 b. *3«fctf 9 c £»j5fc-T 

[0 0 4 5] *&\Z. m%\Ztt£o\Z. — 5 

x h 2 is»isn. at*>r*> (as+) & 

-f *>ttALfc^F««*Sttfl:TS^4:*CJ:oT, i9 
5. 0X1 OZ0 C m-31gOTMtl 

»ft*5«fcaco. 2-o. 5 ^mssojt»ggs**-rs 

n+S3l/^^16«!:, 5. 0 x 1 0 20 c m-*m&<D^ 
Mi4»»l£*3«ktf 0. 2-0. 5 umgg©t£K$^t 
T^n+iX$7^I7ch^Mt^)o :^l/vXh 
2 1 <B8#SB) ^^S-TSo 
[0 0 4 6] ^(C, m 1 0 il^-Tcfc^^, 13 >^ ^ 

7*hl/yXh2 2$:Mno 7 * M/>?X h 2 2 *5 
«tCX»»»ftlR9«:TAd7i:bT. p* SI'S-AIB 5 0) 
^@m«c(C^^>ttA&7i£^ffi^TBF2 + frifCQp 

saco^««i»s:eefi&m^iBA-rs. fix, ^oagA 

Lfc*«*>«:9 0 OTCKToaftftftTTffittft-rSd 
tl:«toT,-Bl lC/TSn^^a* n+HX$7^ 
fi7(Z)l£*i!B*«fcO ! b»^i£*iaS (0. 1-0. 4u 

mmm) ti. o x i o2o c m-m&u±(o^m^^ 

So 

[0 0 4 7] ^(1, 01 2\Ztt:-?J:z>IZ* 
5134 0- 1 0 0 nmgS(Oi?^^WTS^^> (t 
i) 12 3 y ^ U >^ttftift«^TMT*. 



(8) 
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01 3£$flBLT. 0 1 2 iC^LfcS'U+K H 
x 1 O20cm-3gjtJEt±fcttSSnTt^ 

So 

[0 0 4 8] C4>4*ttft>&. 01 4tC^"TJ:o{C, 7 5 
0-8 5 0r<&a«ft#TTN2 

(TiSi2) 110a, 10b» tSitflOct, $ 
Yfc^^> (TIN) illtSMn. rfctoft. 5 1 
*>JI2 3S>^> (Ti) tn-fiXW + ytM 10 

30->Ua>(Si) t*->U*-f KE*S«cil: 

18, n + M 33 U ^ JH 6 (Z)3li5_LtC-£-tl-€ r t'l5 : "^ >>' 
U1M K (T i S i 2 ) II 0 a, 10 b, lOc^ 
J«r*. ^bT^tlt|WIP#ir, (Ti) 112 3£ 

N 2 JSHft+TSffcradtKckoTSffc^i^ (T i 
N) 11 l^Mn, f^>y'Jit-f FIlOa, 1 

0 b, 0 c I«n?n6 0-100 nm3gm<£ 
BlJP^«i5£Sn, ^{fc^>Jf 1 Ki3 0-7 0 nm8 
&<DmmzW*J3L'£tlZ> 0 Z. ZL~Cs iHIC^lfcy'J-tt 20 

SSte, lxi 0 >9cm-3ggl;^TfiTlTI/^C £ 

-f K (T i S i 2 ) R 1 5 b tC p++^^— xzi >^ h 

*E»ji«tti x i o i9cm-3^±tc7^^>i:^{c^/S;$ti 

its 5 tii'S^tB'&fcttui. cntCcto, ^ 

[0 0 4 9] ;<Wc, h i 6 tc^-r«t 5 SMt?* >» 

1 l ±K7;i^lB«IJii 2«rjgrioLfc«, -tOTVl/SK 

iSTs h 2 4 Sr*flc-r*. 7*H/yXF24*77^t 40 

it, 7;^E8ii2, &it^?>mi l^s^ttx 

(TiN) Ilia, lib, 1 let, 7;^ 
8281^1 2 a, 12 b, 12cMn, 
[0 0 5 0] fi&lC, Ell IZfjkLfz^viZ. ±ffi&mo 

±oiz<%mmi 3&Bi$.Tz>ztizj:r>Ts *mmm<D 

[0 0 5 1] 018-12111 01 tdTKLfc— HJSffiJ 
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8>rffif?fiB0T£>£o Hl*5ct^ 018-0 2 1£#B3 

lt, &\z*mmw<D*m&mw<Dm<D&mzfu±:z[z 

[0 0 5 2 ] St". 0 1 8 (C^hT cfc 5 \Z. 05 -0 1 2 

iz7&Ltz-<Dmj£7u±xtmm<Dmm7niix&m^ 

T, 5P*>Hi2 3ST^Mn e C<&«, 3 L ?>B2 

7thl/yXh2 5S77?i:LT, ^>8*23tCB 

3^0M:*>i£AWU f^>i2 3 £p + 

3. *#»«ctt, *<0#Hi£«0>*M««fl»*l x l 0 

[0 0 5 3] ^fC, 0 1 9 IZ^TJ: vlZ. 7 5 0-8 5 

o < co^^#ttn2 3 o&ramm&Mw 

*ftUz>o zn\Z£V. ^>y'Jlt< F (T i S 
i2) 110a, 10b, 1 Oct, §ftf^> (T i 
N) Silt* 1. OxlOi9cm-3ggJ^±^MSl 

0. 1-0. 4 //mgs©it«ai$$:wrsp++s^- 

Sfcffl&KcfcoT^^B^ 3<D^?> (Ti) in 
-SXt!^yt;H3 0yU3> (Si) tSy>Jt 
-f HRJESit^C ttCcfc^T^^>v'Jlt-r H (T i S 
i2)Kl0a, 10b, 1 0 c^MTStt'bl:, 
^^>i2 3 2rN2 3?BftTSftr*C£l;:«fcoT3ft; 

(TiN) 111 Sr»j5fcr*. £<B3&«1 
HOIBK:. ill$l:^>12 3(C«ALfcpSC5^»E^I 

* 1^-71 5 rtCiijijfiKg : ii: ioT, l 

x i oucm-mm&±<DTt&®imm*:&i,s ^on+ 

Sx$7^l7«iS$cJ:0t)a^0. 1-0. 4u 
m8S©lt»S3 SWTS p 3 >^ h/P2 ' 

8«r^«r^. 

[0 0 5 4] ZKaJzofc, cotecDSliOyDir^Ttt, 
f^yy'Jtf-fKllOa, 10b, *«ttfl0c<O» 
StPftC|t|P#(Cp++ia^-y;i3>^^ h/f 2 8S«flcr^ 
OT, 0 5-01 7^ffi^TlftH > qL^-ogljii7 r D-t7; 

tltKLT, v^m^-xziy?? h«2 8c7)^t±Yt:-T 

s (0i i#flg) ^sast^it^Tts. cma 
^^>Bi2 3 1 vm^-xms t<D$mm.mz%LZ>& 

0\Z®B\zmWfilffiT$>2> 0 cniCctO, ^(DftALfz 
^*E«S:St«S it -5 d £ iCcfc o TJg^c $n^> p H§y^- 

^n>^^ hH2 8<oaaf^M*ai«**aicEs<r* 
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[0055] ;:©&. 0 2 oic^-r<fc-5ic. m\L=f-5>y 
mi i ±icT;u=i2i^B 1 2^^-r^. 7Ks.mmm 

h 2 4 £Jgj6fc-f -5. 7* h US^T. h 2 4£-77.i7i:LT 
7^=ESI1 2*5«t«^gYt:^^>g 1 lfc&^ttx-y 

^>^-ts. enters. i2 le^snsj^fc. g 

{t5 1 ^> (TiN)Illa. lib, 1 1 c £. T )V 
5E&&12 a. 12 b. 12ct««$tl5. 
[0 0 5 6]Iil:, mi (C^bfc.tpir, 
J:3C«i«13S»)St4. £©£ otim<D^-^u 

&^ts¥m&m&zmi&-rz> z. t^T#-5„ 

[0 0 5 7] ±»©*««Ttt. ?^>->'j-y-r 
h'HOa. 1 0 b. *5«to:i 0 c ^m^-r^m^iz-Z) 

KJig 1 0 a . 10b. 10c anffltlvUt-f KI^ 
»j£3n*«£K:'b»H*J|)|-e**. fc<t*J;£, Z r S 
ix. HfSix. VSix. NbSix. TaS 
ix. CrSix. MoSix.WSix. FeS 
ix. RuS ix, OsSix. RhSix. IrSi 

[0 0 5 8] 

m 1 V>^im>m&.tt-*2>%i 2 aMU!©^— X^iM^® 
fPjSSOfSTi&^JcKit-r-l) d t^TfSt t fete. 

h5f*e*«*«rx5 * ^m^mm £ m^© ra ns s war 

tlS >;/*^i$&®«<fc7Wg&L&«£lc£i;sx5 y 
? - * fa©WEE©<£T& if CDS * CD5FfB"££l»lt-r 

SXS •> *^*lE!8jfig«©Si 1 ©s=£ «fc 0 t>a<r>s$ 2 (Dm 

2? h^^®«©fflJffi©j£#9£/h2<T3;i£#T£ 
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[0 0 5 9] M*^ 2 (ClE®cD¥^(*:^S<DS!ia*&lC 
£5fC&Jll£^/£U;t&^©&SJI£v'J-!M HflSf 

^.ziticfco. &MH©->'j-9-r KfcwBKUBrtana 

**«*X5y^^««|*«tl5fjfe©|B|«S|«Tfc«« 

Z>Z£tfT-ZZ>. dtitciO. Jfi5iftK©^-3.:3>^ 
20 h ^m®smt& ^F»E©)^^ £ #J£MT Z>Z\tlZ 

i- 5 T4U5Ii7J'-^-X r B 1 © WJEO&Tfc <»: ©g 
*CD7Ffi5£-£B5li:-r-5C: $etr, ^-Xn 
h^FMfeM*lES:XS •y^^F^M^comicO^S 

30 

[0 0 6 0] SS*IS3{rlBIScr)^a@«s:^gC0Sii^ffilC 

^©^A^*afc^ 2 mnm<DT®&y>£?& l 
Sr#-rs^-7.^F*(Cft^©SgD(CffiiiC$-B-T-5-©m 1 
©TSEftilSJ: 0 2 ©^*C®li8SS:* L*^m 

1 ©^$<t0 t>?t^m2©^$i&Wr-5'<-X3>^i7 

h ^m®>Mt$,&wm-rz> ttt, iz&mmz -> >j -y--r Kit 
40 -tsciKj^T. ^®>i©v'j-y-'f Hftiet^-x 

ffM-f £©T. ^m^(C^|iIj!|a€ragA-r2.l^lC-5-©TliC 
%i8S©t;-^fi:S*i^JKS<i:^-X5FM^m«t©^ 

iBifi« * * «t 5 k: e» k m wr * c t r # * . c n 

50 ^S<^? )< J;'5lc§^©^fix:-r-5C:i:*iT'#, 
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[01] *5BW<0— *«Mlc<fc*A*^#-7 h7>yX 
[0 2] 01 l:i7KLfc¥##gg<DA2 -A 2 >SUCf&o 
[03] HI JC«Lfc*«M»:S6lt©p*+a!^-xa>^ 

? hmomffi^tftyommtt i . o x i oi9cm-3£ji±T 

fctBI80T*&. 

[04] ¥»flcft«****«fl:snfc»^t45^Tp*+ 
[05] 01 tc^bfe— HJE^J^^Wtf^llcD-^Kig 

[0 6] 0 1 \zm^fz-mmmv>*m&&w<D-<DMm 

[07] 0 1 izjKLtz—mMM<D¥m&mm<D—<DM& 
yn-trx^m 3 xa*»§rr<&&«><B«ffl«iiSH-e* 

[08] 0 1 iz^tz—mmm<D*m&mw<D—<Dm& 
[09] 0 1 iz7Fisfz—mmm<D¥mft&m<D--(Dmj& 

<5o 30 

[010] 01 ICtkL*:— 3g2fiWO¥»#gB(Z> -<£>ffl! 

[011] 0 1 iztjkLtz —nmm<o^mw&m<D—<DM 
[012] 01 izfjkvrz-mmmco^m^m(D-<Dm 

[013] 01 2JC^LfcXSfC*5^SX3 -X3 40 

[0 14] HI tC«bfc— *tt«^ct<&*»*««<0- 
Offii^y Pirxco^ 9 Xg^iftB^f $fcft<Z)0rB*HfiH 

[01 5] 01 4JC^Lfcie{C*5ttSX4 -X4 WklZ 

[016] HllC*U&-j|*«K:±S*«*««<D- 

0T$>£ O 

[0 17] Hi KSLfc— *MWC.fc*¥WfttS«©^ 50 
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OSiiyD-fe^omi 1 Ig«rK^f *fc*CDKffi«jg 
0T-&*. 

[018] B 1 i:*l/t-*««li:J:4**#Slfl[)ft 
^gJigynirXcDlil 1 Xg£lftBjr£fc*<a^ffi*»ig0 

[019] Ei \zm\stz-%mm\z&z*m&mw.<Dm 
<DM&7n±7><D&2xm&mw?%rz&<DMmmmm 

[020] miizKLtz-mmmiz£%¥mte*£m<Dm 
<DMm7a*x<Dm3xm&mw?zrz&<Dmmmmm 

[02 1] Hilc*bfc--*««Jc:J:**W*Sg«<D*& 
^Kiiyoiz^^4Xe*IftWr^fc^<O»rE«ig0 

[02 2] SE*0/H*-7 h7>>*;**£$tt*MS# 
K«**UfcWfffi«JtHT»*. 

[02 3] 0 2 2^*Ufc«*©^»ffig«©«ifiyD 
-fc*<7>Sfl 1 XB^tft0^-r^)^:^CD^@^ig0T$)^o 

[024] H2 2t«bfc«*©*W#SK«o§Bifiyn 
■lr^©JB2lSSR?Br*&«)©ltffB«lifiHT»S. 

[02 5] 0 2 2«C^bfcffi3fcO¥»#8«<DHiiyD 
irxc^m 3 Xg*K9!T£fc#<BIWffi«ffiBT»*. 

[026] 02 2iz^Lrzft&<D*m&mm<D9tm-7n 

1r^OJB4IS«:KM-r*fc«60Kffi«|jfiHT**. 

[02 7] 0 2 2(C^U^SE*^««:^HOKigyn 
~Z7s<Dm 5 Xg*MWT*fc«&<7>WS«ifiBT**. 

[02 8] 02 2tr*Ufc^3fc<^^*ff3S«<D»il^ r D 
-tX<OJB6XS*RWr-6fc«)<0»rffi«liBHT**. 

[02 9] 0 2 2{C^LrcfiE^O¥^fr^Sc7)ffiljgyn 

-t^ig 7 xe*R^"r*fc»a>wfffi«iaHT**. 

[0 3 0] 0 2 2^bfcSSe^O*«ft:SaoS8igyn 
-fe^C0*8XS*ltt^T*fc«)OBfrffi«lffiHT»*. 

[03 1] 02 2lC^bAcfiE^(0^2§^ge^O®!iSyD 
■trxom 9 Xg*ttET*fc*0>Wffi«i8nT»*. 

[03 2] 02 2tC^Lfc?E3fe<O^W«:3SKO«ii^ r D 
irXOfgl OXS^gawrs&feOKffifllifiHT**.. 

[03 3] 02 8lC^LfcIg{:i:fctt£Xi -X] 

[03 4] 0 2 9fC^bfcXg(C^^^X2 -X2 SUC 

»o tzTmWrfn ? 7 -f 

[03 5] 03 2lZ^Ltz-m<7)m&7'nlLxmT'iM:lz 
*5tt*Ai -Ai »(C»ofc^3E««iyn7 7<;UHT* 

So 

[03 6] 0 3 2(I^Lfc-^C0SJia-/DiiX^7^iC 
*5tt£Bi -Bi 8l:«}otT»yD7 7^iHT* 
5. 

[03 7] ^^-v'JlM Kt'>Ur3>to[)»ffi^|iE«J 
0T£>5. 

[0 3 8] p+ ffl^-XJB<0*H*«tt«K*il. Ox 



(11) 



6 - 2 7 5 6 3 2 



19 

<D|»«S:^LfcffilWiaT**. 
[03 9] «*oraH.*S**r*fca&0«J6«0*ifi 
£^L/c«®#?il0T£>£o 

1 : pSy'J^>SS 

3 : n- fflXli**5/irJWI 

5 : p+ S>^-;*Jf * 

[01] 
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* 6 : n+ S^Ui^Jf 

7 : n+ iX$ y ^JB 

8 : p++S^-XD>^^ Kg 

10 a. 10 b, 1 0 c : 5^>vU1M K (T i S i 
2 ) IK 

11a, lib, 11c: Wfcrf-9> (T i N) I 
12 a, 12 b, 12c: T)\,^W$m 

[0 2] 




[0 3] 
NfeUDXItftBir" 



J3£G3SI-10//A~iOmA 



-50 0 50 100 

is & no 
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imtaa) ¥^5¥9^ 3 a 

[^ttttiE 1 ] 
tSSi£] 9MBW 

nitwi i o^*E«»flE**r-r «s 2 wta©'*— 

fcSB 1 <?>m2 Zft-tzm 1 S^lroiS 3/ fTi&Qo&m 
«*tBr*©IWIll*l»TT»JsEati. DIG* 1 OTOMfc 

«««fc o <bx^fli 2 o7M4Muee*-r« <t t fctcgjiB 
m i comz «t o 2 ©?££ swt -ssi 2 mnmco 

n;tsg i e>7Fttt<&imgi&-<6-?2>m 2 ssms!©'*— 
mm£ d <bs^» 2 <D^w««flE**rr*jii 2 ag«gy© 

1MB 3 U^^^*E«{B*©iJSffi±oBfS««»CjB 1 © 

s^tni 1 «mi!©x = v5>^mto&®L*tej&-tz> 

Iii. 

!tfFfB^-X^iSfc^t£©£S®±©|fttBxS y5>Tm%0 

M&tmjznwmwatmmz, m2mmmco^m^ 
zmATz>z.nz£r>Tmm?% 1 0 ties 

t^Jg 2 W^Sti^JRSS'Wr £ £ £ fcdiWfSSg 1 ©£££<£ 

0 t)S^m2ro^$sw-r-i)^-x3>^i7 h^ne^ts 



2 jgs^w^-^^^m^s^ 

ist. 

mmm<n^wm*mz^—ttm'ifomi$.v> : Bim\zw:®L-z 

fzmvm 1 ©^FM^jggJ; 0 fci^H§ 2 ©^F^igg 
l thumbs 1 nrnz «fc 0 fcgl^Sg 2 CSSSWt 

[0 0 0 1] 
[0 0 0 2] 

[«e3fc©&ffi] #$ft:tf©lotlTA'<#- 

it*?>. D2 2$:#BgLT. itilECA , 'f*-7l-7> 
^X^Sr^tT^igflsgStJ. p+ l->un>lfii 0 1 
t. p+ ^->'ja>S1si 0 1 ±<DWi?£Mmz 

mtizztitzn* mm^mm 1 0 2 <t. p»s->u3> 

Sffi 1 0 1 ©£S®±©£®lCJgfi££*-i;tn- S^xf^ 
+yt;Hl0 3t, n-Sltf^ + ->r;Hl 0 3® 
3fS««fCJBl«$nfcp+ SSS^JKB 104i. p + 

mm^Fftmm 1 0 4 izmsntcn- nt;^+->t;n 

1 0 3©3E^ffi±©0f^m^lCiFF^$nfcn+ 
^H0 6t. n+ S3 U^^^ 1 0 6fr<bWjj£<Dfflm 
&mTfzn- II(i? + yt;H 1 0 3©±^ESJt©fSB 
t|E(C^B)c$nfcp+ 1 0 5 <h, p+^^<— X 

110 5©£»S±©Bf?£»«JCJBJ5£;£;Lfcn + Six 5 
■y:5>Ji 1 0 7 £ SMATVS. 

[0 0 0 3].Sbf:. ^3t5©A*-r#-^ h7>v7^* 
•g-tJ-#a©«:gSa. n-iIk^^yt;Hl0 3(0± 
Sffi±(C»0t$n. n»SlS7^1107, p+ SJ^C 

-XH0 5, ini3i/^^iio6±i:^n-en3 

h*-;H 0 9 a, 10 9b. 10 9c Sf t5 

t&mmtmi o 9 1, 3>?^w-jno9a, 10 

9 b, 1 0 9 c|*IT !j en-?nn+ SlS'^i 1 0 7. 
p* ig^-^Jgl 0 5, n+ 3Sn Ui7^^ 1 0 6©^® 

(cttM-r^.ct'p(cjg)5K$nfe5 i ^>->'j-y-'f h (tis 

i 2 ) Kg 1 1 0 a. 110b. 1 lOci, ^>->'J 



(17) 
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im \*m 1 1 o a , iiob, iioc ±{c^n^-*n^ 

j££*i£^t:^> (TiN) Illia, llib, 
lllct, >lllla. 111b, 111 

c±.\z*ft?nmf&zftit7)v*mwm \ 12 a, 11 

2b, 112c£, ±ffi«r«5J:-5H»«anfc««BI 
1 1 3 tSiATt^, 

[0 0 0 4]f^>y'J^HI110a 4 110b, 
HOcH ^n-rtln+ ix>7^11 0 7, p+ ^ 
^-XI10 5> n+ 1 0 6tM-^^ 

^t^>mi 11a, 111b, lllclt t 
ne>0±{C^J5E$tl^T;i/^E«i« 1 1 2 a, 112 
b, 1 1 2 c fcJ:^z;U^-^ATn-rx/W^^B5± 

P + fflSI^ #SIB 1 0 4 tc^oTHSnfcM^CD 
n-Xtf^^ytJHl0 3<i:, 

[0 0 0 5] 0 2 3-0 3 1 tt, 0 2 2f^U&ISE*<D 

**K?rr*fc#<z>K®«jSHT**. 023-031 

[0 0 0 6] S-J\ 0 2 3 K^Tcfc-SJC, p+|yij3 
>g*£l 0 1*i:n+ 0 2t»«T*. 

flT, P+ SyU3>Sfi 1 0 1 <Dgtm<D±MlZn- 

:>t;nio 3©0ftaai:p+ 104^ 
*j«-r*. n-ixt^*vt;ni0 3©iSi±i: 
mmmtm 1 0 9 *»jac-r*. 

[0 0 0 7] EI 2 4^^T«fc-5fr» p+sysi^# 

8IJI 1 0 4 Klck^TH**lfcn- SSxe**->*;Wi 1 
0 3 0^ffi±(7>Bf^««(C. ftjftftfclffii 0 9£^L 

cfcoT, 1 0 0- 1 0 0 0 a/D<0ffi*xtt, 0. 3~ 
1. 5nm0ffitS[S$, — 5 x l Oi8cm-3gffO)*DS 

^««ist«rts p+s^-xji 1 0 5 

[0 0 0 8] &IZ. 0 2 St^T^fC, ttUKRfclRl 
h 1 2 0£»J«TS. -^LT^O:?* hl/yX hi 2 0 

>jn*-JH0 9a, 1 0 9 b, i5«fctfl 0 9 c * 
BfiL-r*. Z(D'&. 7*H^>7H2 0$ftitii. 
[0 0 0 9] 0 2 6H^-r«t-5JC, K 

JKttWSffltiT^* h U~>*y; h 1 2 1 s^jorr*. ^CD 
±ffiJcBtSK;j-> (As+) fc£^Bnffl*|iG48j£>f 



ctoT, 02 7 I:i$n5i54nt fflaU^Jl 1 0 
6<hn + 51X5 y^lil 0 7<h^Mn. 
[0 0 10] 0 2 8 IZ^-?£?\Z. ±m\Z4 0- 

I 0 0nmg^f^tt^f^> (T i) R 1 2 2 
£r«jarr*. f LX, 7 5 0-8 5 0t^gg^TT 

±0,02 9iCSSnScfc5tt5 i ^>v , J1t-r HRl 1 
0a, 110b, HOct. S{fc^>JB 1 1 1 tOfi 
M$n^. T&fc*>, ?^>il22 (B2 8M) 
tn- Sxt^ + ytiH 1 0 3<D->U3> < i:<^>' , J-t>' 
< KE/fctCcfcoT^^i/'JlM KRllOa, 110 
b, llOc^M^nsttt)!:, ^>il2 2 
(02 8#SS) <&*n«tt©»#ttN2 #XlC«fcoT£ 
ft$n^C<i:tCctOSfb^^>Sl 1 li&ft. 

t o o i i ] 030 ic^Tct -5 ic, >m 
i i i±fc7;i^KglJf 1 i 2£»j«T*. 7;i^ES 

II 1 2±©»fSflW»C¥JWlKatl5*ffll^T7* hi/ 
^7, M23 Sr»j3c-T^. 7* h h 1 2 3 £VX 
£ t UTZ;U5I2^S 1 1 2iD € kr>^<t5 1 ^>^ 1 1 1 
6»*ttxyf>^T5i:ti:J:-3T, B3iK:ST.fc 
•5fcSffc^>JRl 11a, 111b, 111c t7;P 
5E«Rll2a, 112b, 112ciS:Mt5. 
C<Z)gt, l/^H2 36BSt-5. 

[0 0 12] MC. 0 3 2(C^T«fc'5«C, Affiles® 
Rl 1 3SMn. COJ^icLT, tt*0>/W#- 

[0 0 13] 

AW*-7h7>yX^^-r^^«Mim n + 
SxSy^ll 07, P+S^-7.110 5, ^i^n 
+ Hnl/^^110 6 £tf>*-5 y&zi>9 9 h£t#£ 
fc^fC, 2 2 tIfiy'j3>t©y'JU-< K 

J5J££fi|fflLT^>:x 1 J1t< HR 1 1 0 a, 110 
b, iScfctfl 1 0 c ^MLTl^Co 
[0 0 14] L**Lttftf&, ^^y^y'jDyi^y'J 
tf-f KE^C«£oTp + Si^— *JB 1 0 5COpfflT*fi* 
^^>fy'Jtf< FBI 110 b«wffiii*tiSt^5^» 
^tUTl^o H3 3H 0 2 8 KSLfc^'JiM K 
SlESJOXSOXi -Xi mzftr>tz^hmzfU7 
iHt*5. 03 411 0 2 9 {C^LfcvUlM KEJS 

T&£ 0 B3 3*3J:^H3 4*#BBUT. ->>JiM KE 

jsgtrnp + ^-xn i o 5©aE^«««a[tt5 x 1 

0»8cm-3SKT»«>^, ->'J1M FEJSSttp + 
-X110 5<BSffi^*G»»Kte5 x l 0 i6cm-3fig 
KSTffiTTSCii*^***. cftlt 0 3 4 [c^f J: 

-f H (T i S i2 ) 11 1 0 bCp+ £K-*J11 0 5 
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[0015] 035 (40 3 2 IZtkL tzgkf&mzfEf&Zn 

iHT$>0, B36liBi -Bi ^lC»o^TM^7°P 
77<^BT»4. H3 5S#BHUT. S^Wtl 

^fltSn/t^W^SB (03 2#BB) ©Ai -Ai UK 

^11 0 5©*tt*»«#«2/>JlM KS^tC«k^T 
5xiOi6cm-3C^TlTl/Tl'^. 03 6 

cfcotC, n+SX^7?110 7 (§3 2 #BH) 
^)^»E«SaiKtt, P+ S^-XI 10 5 co^^chSTi 

0, v'JtM' KRJE£J:oTtt&0<ETL&<r>. Ztl 
14. — fifCnffl<Z)5F»Eft«v'U-y->f HH{w*ii*ntC< 

*>IC, n+ fiXSy?ll 0 7 05pM«biiflE*t7C 

+ ^1/^7^11 0 6 fc->ij if -f KRSfC 

^j:oT«jK»«r5w-^^tt. p+ m^-xm 1 0 5 CO 

[0 0 16] S'UtM KS«l:J;^Tp + g 

^-Xi l 0 5©SffiT««iS*«iTT*i, ^-x 

7tt, ^^>'>U*y-< K (T i S i 2 ) t*>'ja> (S 

> > >J 1M Hiy'Jny <fc <D#B^M»»flrr &*> % p 
+ i^-Xl 1 0 5<oaffi^««UBflE*tCTr*t, ^ 

ftttWKtt, ->'J1M KRfSttTtt, -> »J It-f KRJSftS 
KJt-CT^-Xa>5^ h 1 0 0 0«lC*T 

[0 0 17] ^ ->U+>-< KRjfclC£-DTp + M^— 
B3 8lt p+ SJ^-XH 1 0 5 <&asffiTtts«l»K 

nt&u. o x i oncm-wTcom&v&mt^—xn 
>9>? btsttt<DMm&7Ki,tz¥F&m-e$>z>o 03 8£ 

#HT, p+ 0 5<03ffi7ffift«lSN*t 

1. 0 x l 0i7JWTJcST'ffiT-r^<h, ^-xn>^^7 

fiS0±#i:tfe&oT^-xa>^^ hits 

VLSI TECHNOLOGY Edited by 
S. M. Sze (^)pp 3 4 7 - 3 5 0i:§i^$nT 



[0 0 18] ^£0, t£&Tf4, y'J^ KR*fc.ko 

p+ S^-XBCD*ffi<DKftnci:tC«fcoTfcp+ S^- 
[0019] d©J:5ttlHHjiS**ft'r*&J& 

ffi*«Ttt. Se*(CJt^T^*E%i8fl[<Oct0iS^p++S 
»*0)(5^p + +I^-7i2 0 StMTftH ^Utf 

-f Hg^i:i-?tp++i^i2 o somm^nm 

[0 0 2 0] L^Ufcj&tS, £<&<fc5K:J:0i6^*fi«J 
I^ff5p^-Xl2 0 5^Mt§<!:, p++ 

m^—xm2 o s 107 t<D^-m-v<D^m 

1 0 7^6©tWp^S^-Xi2 0 5^ilDtSttir 

XPflOi£ftfJE?Wg;T LT L£ o £ ^ "5 HHjSI t>* 
i«S:tt§P^-7i2 0 5*SffltSi, »fc 

[0021] z<onw\z. ±iBcoj;p^aua*«?strs 
ji©»ffiTie*ai*oiST**s*^sj5ji:'r * c 

[0 0 2 2] g§*^l4D<k^2(Clfi®O^B^o^^ io 

o@&5(4, ^wf*:»««r*5^T, nmmmm<Dts.T j $>m 

[0 0 2 3] »*a3*5«t«4JCE*©«MC!)BWft. 
[0 0 2 4] 
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3£Bte, *l»«ffl©3U^^5FW«l««t. 3 1/^* 

^Kmmm<D^stm±<om^mmzj»&t[tiitm i 

- X *«*««0>£*B± [cxa^ t Br* 

IB 2 <&*>G*a«**rr * £ £ tcfg 1 <Di%2 «fc 0 

[0 0 2 5] K«9 2 m 1 «a 

T*«2#«ffl(&^-*TI««ft«tt<!:. ^o^-x^fcl 

x5y^^Fttns««t % *TI®*«*<B±«B±fc: 
x^ y^TW«««iHf*©IBBi*HITT»jataft!B 1 
OT««i«Jt 0 fcBS^Sg 2 ©^>B«»**W'r 2 

[0 0 2 6] ii*Ji3{c^tt^^i@;»^iicoSja^ri 
tern i o^a **rr &m 1 agm^ox^ ^ ^^*e«m« 

£^/£T3I*I<h, ^-**tt*a*©£*B-fc©X* 
SO^FM* SWAT * d £ tc£ -d 1 <&**E»B« «t 

o fcifisns 2 ©Tttftjisstrst chutes i ossa 
[0027] m&iK4iz&vt2>¥mi*&m<Dtikm%& 

tc*2w«s<a^*Ett«:*AT*xa£, «waa*ifr 
d<h(Ccto> ftKBKWAan&jB2»«fflo^««i* 

^-x^*E#j®«£<7)gBtcffi«$-ttTm l co^MttiSS 
ck 0 2 07ffi*mtt£#Lftt-2)B 1 OjSJS J: D 

fc«^£§2<&^a£W-f£^-XXi>^ h^F*E«{B« 
ft»rtT*i£feK*«B*S/«J1M K{fT*X8i:«: 

[0 0 2 8] 



a****** 2 i»«fi©^-^Wtt(B*0i*B± 

icsg i oT*e«»Sck o fejs^ 2 <D*nE«i»g£*!-r 

^m2^mMcD-;-xr3>^^ h7MttBttftf»i£3ft 
i£±iC&S~>'J1M KB*«»rtS*i*|R©->U-S-f HE 

«©*B5Fie»««36««TUfciUTt), ft^tCifc^T 

-*d>^ h^jtfi»ffi«©fi«Btx5 v2^nmfc*$L 

^-X3>*^ h^*E*»S«£x = 

Tfc£©*«ft##»K|»ihSft*. a bfc, ^-XJ 

SiO fe»lri«2 0jK*t*-r-6«t5K»J«SnTli<5 
c^T. ^-73>^i7 h^*Bft«*tO)«IB*|pI«)l2:3&«0 

ttW««o«Bt***«rao*«i»ji:an*. eftfej; 

^ hTM«««©ffliBi:X5 y ^^FJMi«j««OfflBi:** 

jE^fiT^^co^a5^^tcK±an^>o 

[0 0 2 9] tt*« 2 fc«*¥SH*£«T«U m 1 <Z>T 

®±icm i ^m^omm^ o t>x^iB 2 (D^myomfe* 

an, W-xa>^^ h^««««±JC4K5/»J-a- 
-f KB**»jdtSftTtr>*©T» &KS''J-tM' HKDM 
EfO^U+M' KE^tC.koT&JISS'UlM K/lfC^-X 

n>^/7 hT«*««<o»BT«*«*^ffiTLfctU 

tc<£Maft£„ ^^c, ^-Xd>^^ h^««««»ix 

5 7 * ^ftHUCMi t*»«t* u t fe&ifi. eft 

A raco^HJEO(£T^<t*cD^fB^^W554(CP^±aftSo 
[0 0 3 0] H**3«c«**»f*SBflDHjfiA-^T 

m i «^F>E«i»ft«t d t>s^m 2 tio^Mnas^v-r * 
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nstt©±#ai#j»K:isjtan*. ^-x 

zi>&{7 h^>Ett««©ffllffitx^y^^*Bift««o!)« 

ffiO)«Tacif©^«*3W»K:ttjl:ati*. *&, 

X n > ^ ^ h 7*G4A*«ax £ y * ^M^WKfl)* i © 

ftg^x=7^ ^FM^^iUc t **»Mrr * d £ tw J: 0 * 
USX* y^-^—^|B©iSSB£E©ftTZi:^<Da-*«)T 

[0 0 3 1 ] BI*3B4 t«**W«:igJi<©BJfi*ffiT 

\zUm"imT*$>Z>o ztilz^r), ir)8SI:^-X3> 

Bg<hft£>„ c^S, ^— X3>^ K^jWiiB««±{c 
fl^;3t$nfc&JKjI(0>'Uif-f KS^coSRtr^— xn>^7 

[0 0 3 2 ] 

[0 0 3 3] EI 1(4. *5B9iO— *««CJ:*A-f 

HI €r#JBLT\ :0/H*-7 h^>;xX^£ 
«tr*»flc««tt, p+ a->ij3>»Rl £, p+l*> 

HKJH2 fc* p+ 8!5/U3>K«ia>±aiB±C!)^BIC» 



v ir ;wi 3 fc a tut p ♦ sas^B ■ 4 

t* P+ ffl*^#«Jl4fc:BSft&n- HXt^ + yt 
;UJ13 0iaffi±<^3r^m«EtCJ&J5S:Snfcn+ 
^^6<h, n+ffinUd7^ll6tBr*<7)IB»iSWT*:n 

- axtr^*^ir*«3©i«iB±flE>ii«K:*jaEanfc 

»Ig$-ft^)(ht^l:n+ Sxa 7^17^)J£i?l 

^-Xn>^ MI8 tSrflliLT^*. 
[0 0 3 4] S6»CHlt*Lfc*W#««tt, n-ffl 

xt^^y t;n 3 ogi±i:M^n> n+fflxs? 

^Jf7, p++S^—XZ3>^^7 hI8, n+SJuU'^ 
M6 ±lz j ttl^tin>&t7 bTfr— ;i/9 a, 9 b, 9c^ 
#T*ffi»BMLIK9 3 9 a . 9 b, 

9c^Tfn^nn+SX$7^I7, p++S^— X3 
>^hjf8, n+Snl/^7^I6^B±l:^MtT 
»*SftfcW>->'J1t'fF (TiSiz) RlOa. 
10b, lOci, n>^^ h*— ;i/9 a, 9b, 9c 
f*3~C5 1 3?>>' , Jlt-f KKl 0 a, 10 b. 1 0 c±C^ 
tt*ft»*attfcmfcy*> (TiN)llla, 11 
b, 1 let, lftf^>Il la, lib, llci 
«C*tl^tl»JSE*tlfc7;PSE«Rl 2 a, 12 b, 1 
2c<h, *H««3«fc5fc»rtatlfc«K«ll 3 

[0 0 3 5] f^>y>J^HH0a, 10 b, 10 
10 0nml«T*S. Sffc? 1 ^ >M 1 1 a , 1 

lb, i i ctt, f nso±i:»iS3ftS7;^Eiii 

12 a, 12 b, 12c*7^$70<7/H^Sg: 

<£>T*$>r), f(D)l^3 0-7 0nmggT$)^o n + 
fflrJU£7^B6tt. 5. 0 X 1 O20 c m-Z(DMm<D^%tl 
0. 2-0. 

i^s. p+ xjists, 2. oxi ox 

1 Oi6cm-3gjgOD^FM%2SS(hO. 7-1. 2umg 

tt, 5. 0X1 OZ0 C m-3iegW»MtO. 2- 
0. 5 jumgg^)ffif S^^tUTl^o p++g!^— x 
xi>^^/h^8{4, 1. OxiOi9cm-3@ga±^ 
*rE%2gStO. 1-0. 4MmSK©i£*jSEaSWUT 
ft*. p + ffl* : F»(iJi4JCJ:oTW*nfc«[« 

[0 0 3 6] C^T, **16«T»4. p+IS^-XJi5 
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ttttRStfffi < *V3 p + ffiX 5 y * JB 7 «fc 9 fcffi^S a 
[0 0 3 7] fSW, P + i^-7i5^-7D> 

^%byomm%:&-?z> p+m^— xuy?? mis 

T*>> J E-CD©T^<7)p++^^-XD>^^ 
^Ws^aSSrSBlC 1. 0 x l 0 i9cm-3Sj££U:l;:-r 

[0 0 3 8] B2I1 Ell lZ7ikl,rz*m&1&m:<DA2 - 
A2 ^Kitt^ Jt^£E#3:/n y 7-1 )im-£$>Z>* i2^# 
JBLT. ^>->UlM KRl 0 b©»«a©p*+i^ 
-XD>^/7M8^IT»»gH 1. 0X10 

Hf/U+M KS^Op++S^-X3>^^7 h!80i 
ffiT*E«««£l. Oxi 0i9cm-3igK±{:t^)fc 

— 7D>^^ hJ18 0S®^M$J2iit£: 1 . 0 x l 020 

C<D£5lz>>W( KSJSt(?)p++M^-x^>^^ h 
ifi«8 0*ffi5F«ii»iBft^i x l 0Wcm-mm^±lZ 
^ct^CMLTl^^T, >5> 'J -tf-T KRl 0 

[0039] ->uim K{t^op++s^-^3> 

^ K^ 8 (7)^cS^"E%SS^ 1 . 0X1 Oi9cm-3Jt^ 
±<DUZ>£o\Zffif$ l 'TZ>Z£lZ£i>T, H3 8lZ^Lfz 

^(D^oiz^-^y?? h«jRiza«ttfiFtt*«aiT 

hJH8<oaffi^F»Ei»«^U. OxlOi9cm-3 

l/ft»ttHT»*. H3S:#BaLT, p++33^-X=]> 
^ 2? h JB 8 <7)S®T*$^igS# 1 . 0 x 1 0 19 c m-3« 

ft^^<t A,<hVj:^iCl <h^^^^>o ^nt3<t0, *H^J 

[0 0 4 0] £ bd, *^«SffilTtt- 039 (C^LfcJS 
3608 p^-xn>^^hi8^n+Sx 



-xn>^i7 bmwzmm^nx^^o cmao, « 

7t^«n:tt)&K *»*<Dp++S! 
*<-7>Zl>9{7 h!8tn+ S/X*y*B7 t^«ftfeU 

«48*£i£T ^-73 >^ hfH«tc 

[0 0 4 1 ] £fz. *««MTtt, 0 1 tC^LfCcta 

x. ^mi^mmcoMMmitizi^-orm^mmit^tirc 
m&iz*>&mm<D v+m^-xzi ? hmsotsmt 

n+ ^X^ 7^17 ^«ffit7i«««TS©&W3»HB6lfc 

[0042] m4t$, v^m^—x^>^^7 bm i s<d 

ffi*«S**n+ MXS y 7 <£ifttfc$Ea J: 0 *>SK ft 
7 <hpHi^-X3>^^ Mi l 8 <h(DMIHri*SIK£-3 

fzm&iz&^T. p^m^-xziy?? hmi 8<Di£m 

S£a#n + ^x^ y^»7©lt*8Ba«fc OfciSKfc* 
i, B5»lS©p++S^— ^3>^5? Mil 8<7>fflStn 
+ Sx5 7 rofflli^tttsc ticft^, ceo 

icte, Hi fc^L&*^i6«o«t-5{c. pt+S^-xxi 
>^^7 hJB80ffittflga«n + iX5.^«7©jtllB 
a^O t)S<MlTp+^- xxi >^^7 hl8M 

[0043] 0 5 —si i2, mi 4. mi e is^um 1 
7ii 01 \z7jkLtz-nffim\z£%¥mfa&m<D-<Dgi 

1401 2 \Zj*LfzJ:miZ&llZ>Xz -X3 

Jfiftyn7 7^f;i/0t*o» hi sttiai 4Jc*ufcx. 
8tw*5^tsx4 -X4 mz\ f a-otz^ifo<fo7uy 7 <i >vm 

[0 0 4 4] H5iC^-Tcfc5J^ p* S->'J3> 

afii+«cn+ fiaa»;*ji2sjKflc-r*. *lt, p 
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[0045] ^i:, me^-f^oiz. n- axe^* 

^<Dmx\,tti&M*mmtirz>z.h\z^T. 5x1 
o\*cm-mm<o^i&yommto. 7-1. 2wmfgs 

[0 0 4 6] ^tC, E!7{C^Tct5^, Jfe^K^9CD 

9, =3>^ h*-;U9 a, 9 b, £$£#9 c 
[0 0 4 7] *A\Z. m8\Z7jk-tJ:?\Z. A-f tf-^ 

-)\s9b&m5&?iz^nmfa&Wi$:m^T7* ^y 
xh2 i^^-r^o ^ogt, at^-r^-> (As + ) & 
£<Dnm<D^Fi&<to&±m\z'(*>&A-rz>o *tc, us; 

0 x i O20cm-3^CDTai^iSS*5j:^0. 2-0. 
5 /imi^ttHSSSSTSnt *KrJl^^JI6 t, 
5. 0 x l 0 20 C m-3gjSo^tiEi»»S*5ct^O. 2- 
0. 5^mgg0M^^nn+Sx$7^17 

[0 0 4 8] 01 OlZTjk-f&olZ. U>?t7h* 

7thl/y7h2 2^Mn. 7* hl/yXK 2 243 

fflO^FWttSSBBE^WHWA-r*. fit, ^OagA 
Lfc^M4ftS:9 0 OtKT©lSftfrTTISttftf*u 
ilCck^T, El 1 1 IzakZtlZ&otSi. n+SSxa^* 
■ 7ot£ts:^$ e k0 : b^^ffi:^$ (o. 1-0. 4m 
mSS) fcl. 0 x l 0 20cm-3gjSet±o«H^»6«4 

[0 0 4 9] *&\Z. Ml 2{C*-TJ:f>{C, £®£?ie>cfc 
51C4 0-1 0 0nmiJ©»*6Wt5f^> (T 

i) 85S2 3S7^7?U >^&&££^T^j£T<2>o 
EI13£:#SSLT, 0 1 2 KjRLfcvUlM K 
KJ&9ff<0XS-ett, p++^^— 73 >^^7 h/18<7)3E® 
^«i«l«S*U x l O20cm-3g««±(w»j£SftT^ 

[0 0 5 0] COiKSf^b, 131 4ll»-TJ:5K, 7 5 
0-8 5 OtOiRflMfefrTTNz *iatT3 0 ^MS 



(T i S i 2 ) 11 0 a, 1 0 b , *3cfctf 1 0 c <h, S 
(TiN) II 1 t&Wf&TZo Tfc*^ ^ 
?>I2 3(D^> (Ti) tn-iXW + ytJH 
3<D~>U3> (Si) ttyUU-'f HSKS«utl: 
cfcoT, n+ ^X^y*)i7, p^- A3>^£ h 

us, n+ mziut7?m6<D$tffi±\z^tL^n^?>is 

■JIM K (TiSiz) RlOa, 10b, 10c 

j5)cT^o ^Lxzntmmiz. (to 123$: 

N2 »H«+T»tT*;i£K.fcoT8ffc9 1 *> (T i 
N) IllSMt^. ^>y'Jlt-fKI10a, 1 

0 b, 0 c te-^tVfn 6 0 — 1 0 0 nmgg(0 
^J5lC^J5fc2n, Sft?*>Bl lU3 0-7 0 nmi 

[0 0 5 1 ] ::t, 0i4i:SUcyUlt<HS^i 

x 1 Oi9cm-3SK{C*TiSTUT^SCt^»^S. 
cnte, ->'J1M K^O^K^^v-'JIM K (T i 
S i 2 ) Rl 5 bl:p++^-xa>^^7 

<2<*:5K:->'J-tM KS«fCckoTp++ffl^— Xn>^^ 

X 1 Oi9cm-3£t±JCft*cfc5fZ»J5!c$nTl^. Lfc 
£*oT, v'UlM HS«?JZctoTp++S^— 73>^i7 

^»f^ai«<Z)(STS:fi-Sj|JzK±-r* - <hrtnr££ £ £ fe 
IZ. ^-X3>?# hm&X<D$:7£-Cl&t&ifiU*--$y 

[0 0 5 2] 0 1 6 iC^f £ 3 tC, Sfl:^ >m 

1 i±^t;u^sb»Hi 2^wifci, ^t^ib 

i/Xh2 4?:Mno 7^hl/yXh24^7X^t 
IT, 7^SB«11 2, S<tf^>il l^S^ttx 
^^>^-T^C<htCcfcoT, H 1 7 (C^TJc^te, Sffc 
^> (TiN) il la, lib, 1 1 c <h, T;Ua 
IEI£fl£l2a, 12 b, 12c&&j$.T2>. 

[0053] mmz. m 1 icsu&<fc3K:. ±m*m? 

A-f h7>yX^^t^Mi^$n 

•So 

[0 0 5 4] H18-B21H Bl K^Lfc~^SS#J 

IKffiWiSBIT**. Ellfccfctf, 018-H2lS:#gB 

■^THfceJTr^o 
[0 0 5 5 ] m 1 8 iC^-Tcfc -5 Id, Si 5 -EI 1 2 

\z^Ltz-<Dmmzfn±xtmm<Dmm7ut7,$:m^ 



(23) 



4#g3¥6- 2 7 5 6 3 2 



T, ^>I2 3£T£J£j55cT£ P COS, ?*>»2 

7thl/yXh2 5$:77i7(!:tT, ^2>m2 3\z& 
F 2 *&«B-f *>*-f *>ftAT*. C^^>i2 
3^CD-T^>aA(i, ^>l2 3ip+M^i5 

•5. JMfcftKte, -?-©*ffiifi«©^!ffii»«flf7&U x l o 

<D'&y* h h 2 5 £R£3rT£o 

[0 0 5 6] ^(C, Ell 9 \Z7jk-?£?\Z, 7 5 0-85 

o*c©aaEftftTTN2 §i^T3 ofj?rasiS^a 

SfTft?. Cin{lJ:0. ^>yUtj->f K (T i S i 
2) HlOa, 10b, 10c t. (T i 

n) iiii^ i. ox i owcm-mm£k±<Dypmtto 

0. 1-0. 4 umm&<D&m&i'£$:^TZ>p»m'<- 

x^>?? si2 8 t*asBftsajz»«-r-5. -rft*> 
-sxt:?+vt;i/»3©y'j3> (s i) t&zsw 

-f KK«Sl*-SC:ttl«fcoT^^>vUit-f H (T i S 
i2)RlOa, 10b, 1 0 c SrJgfiEr* t tfefc, 
^^>i2 3^N 2 *H»T»frSCtJC«toTaft 
(T i N) II l*»flET-5. ££IC, ClOj&aa 
S^RUC, |p|S*tr5 1 ^>M2 3(C»ALfcpS!O^M!» 
^p+^-xl5rt«M$«:il:J:t,T, l 

x i o^cm^mmsi±<D^m^m^{y. *>^n+ 
fflxsy^wrc&ttmRScfcDfca^o. i-o. 4^ 

mSa<7)ffi:»jS$*WrSp++ffl^— A3>^i7 h!2 

[0 0 5 7] ccocfc^tc, coiroBayntx-cil 
9^>y»JU--f KIl 0 a, 10b, ^^10c©i 

fomizmmzpt+m^-x^y?? M2 8 

<hitiS:LT, P++S^-X3>^ h!2 8fl!)Stt{tX 
S (HI 1MB) S*«t*Ct*<T*5. ^ntCct 

©ttOBiS^O-fc^TJi. ^>I2 3iC^M»£<:* 

T. ^M«©^*>ttA»K^*6«S»fl60>br— 

>flg 2 3 t p+^-Xif 5 t<Dj|lSBifi»tC*S«k 

xa>^^ M2 8<Dmm*M®}m&*®Btz&<-rz> 

[0 0 5 8] dCOS, 112 OfC^Tcfc^fC, Sft^^> 
K2 4SMtS 0 7^hl/yXh24j7X^tlT 



^>^-r^o ZtazJ:*), H2 1 C*Stl««t5ft, S 
ffc^> (TiN) ilia, lib, llci, 7* 
^SB^JI12a, 12 b, 1 2 c £*«»JEfcS*iS. 
[0 0 5 9] HI (c^UfccfcpIC, 

[0 0 6 0] ±i<D^JTIi, 5F^>->>J-»M 

KflllOa, 1 0 b, *ctCJCl 0 cSrJgjac-r^W^JC^ 

KIR 10 a, 10 b, 1 0 c JK^D&Kv'U «M KIRAf 
*fiK*ns»^iCt>iBfflpIIET*S. ^ciAH ZrS 
ix, Hf Six, VSi x > NbSix, TaS 
ix, CrSi x ,MoSix,WSix, FeS 
ix, RuSix, OsSix, RhSix, IrSi 

[0 0 6 1 ] 

mi <D^mwmm&#?zm2mmm<D^-x^&vom 
«oi»ffi±t*o» i o^Mttiaej: o Misuse 2 <d 

^^^^^£WT£^2igS£ J <D^— Xl3>^/7 h^JHl 

^Si^<hxi=: ? * ^FM^S^c <h fimM L K £ i; * 
2 ©S3 i 5 t»rttS ^ 1 1: i 7 T, ^-X 

[0 0 6 2] Ig*^2lCfB«^)^«#:^S(lJ:n«, ft 
1 ©TM*»ftS:*T**2 31!liffl(^^— A^«i*»« 
<D3L&m±\Z*<Dm 1 ©^«««««t 0 fciSVi^ 2 <D^F 
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iSi^ML. 'Mi< t : bt<D^-7.zi>99 b*FM® 
»«±££JRvUlM Fm&MtiftZZ.tlzJirjT. -t 
©&JI-> U+K HS©^P$(C^-7.n>3'^ h^*E#j 

Tfc, 5 3 hffi*t*i±#-r-5© 

fftSftofiTStfS&KiRrikT* r. t -5 1 <h =fc ic. 
^-Z=i>9 9 HB*TfO*ST«««i«:*-5y^a 

^F»e«**tX5y^3FM*«tttWS©|IIJ|«|*BlTT 

•WtlS f ^^«««* t*»j«St 5 C t^&lr>. 
cnickO. i^iSS©-^— 7>n>^i7 h^MftS^ii 

5 y 9 ?Mtt««t i t tC * i; -5 X = -y * - 

^— 7,?% ©SJI©<gT&<!£©g* ©^F^^-^rKit-r-s Z 

[0063] isjrjs 3 iz&m.<o¥mt*-m&e>mmj3&iz 
«tn«. m 2 aMta©^-;* 

^^^©iSM-tieSIS 2 asmis©^^* jSA-f 

mm*G-?z>^-x^>9 9 h^««n*«;»ftT«c 

U1M VitTzm&lz. ^Slroy'Jit-f FitomzK 

HE©^F^A^ji$tlT^-^.r]>^i7 h^Fi&E^mt© 

7. n > ^ ^ h SffC»^» IC iilTf £ © £ WxJ K B£±-r -5 
C<fcrt*T#«. d tiled; 9. ¥«&&a0>0bfEigffjWK 
TT-5C05r^±-r-5-i^-r#4. £fc. ^-7.P>^ 

Zi>9 9h *M<fom%L tl;7^ ^FMfelnS^ t tf&te? 
SCiCi^TiCSxs -y;*-^— ^©iSJEEW&T 
&£©«*©*f!B££ISlLT£C<h#T3-.2>. 2 *>\Z. 
^-7,z\>9 9 h*«tt««fcx5y 
l ©^££0fc*^SB2©i£££#t-£<fc?{c»j£-r-5 

©Ja#9 <-T-5c: CtltCtO. ¥>g 

v 9 ^mmmm <om m t a>m»t zo&mmz m±.t *> 

[0 0 6 4] IS*^4tCK«<D¥*{*:^E©SSjiA^lC 



1 ©S!£cfc9 fcg^2 ©gg$€:^r-r-2.^-XIl>3'^ 
T*CtlC«k-3T. Miroy'J^ hMbXSt^-X 

»j«t*©t, &mmz^t&m*mx-?z>mz*:<D^m 
®m8L<o\z—9&wtf&mmt^-ttimim.m£<Dn 

o \zmM,\zWm-ti>z\ £#T£-5. :n 

n>^i7 h^FM^^^^«k 0&<Mf&-rz Z. ttfT'Z 

[0 1 ] #$gi^©— fygWcJcSA-f #-5 >7>yX 

[El 2] 01 £3fcLfc#i9fls:£S©A2 -A2 &lCi&-3 

[S3] SltC^Lfc4 £ j§0:gMrop++^^-xa>^ 
£ h H ©SIS^Fiisti'tlJitgrt* 1 . 0 x l 0 19 c m-3£LhT 

[0 4 ] 4|£l»fl:Jg|B*«?es««ibSn«:*^fC*it>T p++ 
[0 5] HllC*lxfc-j«fi«©*»flcS8llCD-©8liS 

[0 6] mnz7ni,rz~nmm<D^m^m.co-<r)m.m 

[i7] a i iz^Ltz— mmmcD¥mifc%.mv>-o2&m. 
-? p -t x © m 3 is s ittwr -a jt tb <d m m m m m t * 

•5. 

[18] H 1 iC^Lfc— 3IJS^jCD*»^KSO-<DSajfi 

7' p -t x co m 4 x s £ n m r % it * © w n w is m t s> 

-5. 

[19] Hlfc*Lfc-*tt«©¥W#««C!>-(D84iS 
^ n -fe ^ ©SB 5 X8 1 K W * » O Wf iBWiE B T fe 

[010] 01 ir*Lfc-S&«09©i|£iSflEg«©— ©» 
ig^P-tX©IB 6 I8fc«Wf5fc»«5iiB«IHT* 

[01 1 ] 01 lC^Ufc-HJS^©*3l^a©-©S! 



(25) 
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£7 n-fe7.com 7 xmZffi.BJi-t2>fzib<nmwffim<®T'$> 

•5. 

[012] SllC^Ljt-SI^JcD^^ew-WSS 
[01 3] 01 2tC*LfcXfilC*5tt^X3 -X3 JftfC 

[014] @i iz7jkistz-nffim\z&z>*mftmm.<D- 

[H 1 5 ] B 1 4 izm Lfclg KiStt-S X 4 - X 4 «fC 
»o fcTUG^ 7"n 7 7 -f ;HTS -5. 

[016] 0 1 K^Ufc— HJ£CajtcJ;-S^#ft:^g<7>— 
<0Sti£7n-fcX£>fil 0 X8£SKBfl-r£;£«6tf>flfrS*8ig 
0T*-2). 

[iai7] Hiicsuft- ■mmm\z&z>*mwmm.<D- 
cDSjiiyn-txcomi ii8*Riirr*fc«i>©»rBs*iifi 

[018] HSfifisuct^^^fioffi 

[019] 13 1 IC^Ufc-Hj^fisjK«fcS¥^#3£gWte 
CDSig:7'nlfe7CDm2X8£lftBJ3T5;fc«>©KE«ii0 

[02 0] 0 1 (C^bfc— H^J(Cck-5¥^#:^il05flfi 
[02 1] 01(C*Lfe-^Sgfisj(Z«fc-5¥if#:^SWft6 

co h ig zf u -t 7 <d m 4 x m t us ?jj r * ® <o m m m m 0 

[02 2] SEJfcCDAl'tf-^ b7>V7.9*^tS*mft- 
[02 3] 02 2KSL,fct£*CD#ig#:gg<ogJil7'a 

-txwrn i xm&wiw-?z>tzisb<DWiffiffimmT~&2>. 

[02 4] 02 2lC^UfcSe5feC0^i§#^SWS5tyn 
-fe7tom 2 I8£iftBJ-r£fc<e>CDKigtej£0T$>-5>. 

[02 5] 02 2IC^LfctE3feC0^llf*:I£g<Dg!jt7' , D 
-fe7.com 3 X8£KiBTSfci4>©8frifi«fjS0-e&-&. 

[02 6] 0 2 2lC*Ufcft3fe©¥*tMg«fl!)Hifiyn 

[02 7] 02 2tC^L/tft&©^i||#ggco£fil7'D 



•k7.com 5 xa*K9JT £fc#co!Srffi*8i£0T&.5. 

[02 8] 0 2 2 tC^bfc^5feC0¥^^gC0g!jiyD 
-fc7©m6X8£l£BJrr5fciD©#rffi^i£0T&£„ 

[02 9] 0 2 2 IC^ LfcfiejfcCO^^^gCOgfffiT'D 
-feXCOm 7 IS£«ET*&ii>©«iB*ifiBTas. 

[03 0] 02 2 iC^tfe^CO^^^gCOSiiT'D 
-fe7 com 8 Ig <&|ft^-r £ £«>0ffiS«i£HT& S. 

[031] 022 JC*L£ft3fc©*i§#3£gCOg?il7'D 
t7 COS 9 |& B^T 5 7c«6co®r B18i§0T& 

[03 2] 02 2 (C*L/tft3fcCO¥ilMfc3£gCD£{it7'n 
-fe^comi OX8SrtttBj-r-5fc«6CO»rEffij§0TS?)„ 

[03 3] 02 8 (C^LfcX8tC*5lt^Xi -X'l SgiC 

[03 4] 02 9 lC*bfeX8(C43tt^>X2 -X2 

[03 5] 03 2 (C^Lfe— acoKifiyn-feXi^TSU 
i5tt&Ai -Ai mzter>Tz-*Wfo-?uy -? -i )imT$> 

[03 6] 03 2izmvrz-m<^mm^n±xmTWz 

43lt-5Bi -Bi miZYa->tzT&Z<®)7u7 7'( ;PiT* 
-5. 

[03 7] ?-^>£>>j-y--f Kt->'Jn><i:co^®TliE!^ 

[03 8] p+SS^-^JI©*ffi3FJe«|»flE*«l. OX 
1 0i^T-T*-5^^-co^-7r:>^i7 hJSftttggi: 
CO &7jk L 0 T * -5 . 
[03 9] a£*<or«3H.^Sr«?)*-r-5Ac:ii?)COt|^JCO«|j£ 

[«F*©K§83 

1 : pI->U3>Sfi 

3 : n- fflxfcT^ + S-'^Ui 

5 : p* ^-XI 

6 : n+ M=llsi7?m 

7 : n+ IIS^^l 

8 : pt+SK-xn^^ hS 

10a. 10b. 10c :^>->U1r<H (TiSi 

2 ) AM 

1 1 a. lib. lie: mt^?> (T i N) 81 
12 a. 12 b, 12c: 7)lS.§mm 



